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CRYSTALLINE FORM OF CEFDDOR 

Field of Ihelnventioii 

The field of the mveation relates to a new crystalline fonn of cefdinir and processes 
tor producing tiie crystalline cefdinir. More particularly, it relates to the prq)aration of new 
5 crystalline form of cefdinir, referred to as 'Form R' and pharmaceutical compositions fliat 
include the 'Form R*. It also relates to a method of tieatmmt of infectious diseases 
comprising adnunistradon of Ihe 'Form R*. 

Background of the Invention 

• 0!'MciaJ-:Vj. ccfdiaii is 7-[2-<2-aminDfliia2»l-4-yl>2-hydroxyiminoacetamldd^^^^^ 
10 vin:^-3H)qphein-4-caiboxyUc acid (syn isomer). Cefilinir is a very useM antimicrobial agent, 
and is known fiom U.S. Patent No. 4,559,334. Cefdinir is a third generation cq>halosporm 
antibiotic for oral admioistration and has a broader antibacterial spectnmi than oflier orally 
administrable antibiotics. Cefdinir is particularly effective against st^hylococd and 
streptococci. U.S. Patent No. 4,935,507 discloses a crystalline form, i.e. Crystal A of cefdinir 
15 characterized by its specific powd^ X-ray difEraction pattern and infiwed spectrum. 

SiiTnTnary nf fte Invention 

In one general aspect there is provided a crystalline form of cefdinir, Tomi R'. 

The Form R may have the X-ray difEraction pattern of Figure I» infirared spectrum of 
Figuie n and the differmtial scanning caloiimetry plot of Figure lEL 

20 In another goieral aspect there is provided a phiannaceutical conq)osition tibat includes 

a therapeutically acceptable amount of Form R of cefdinir; and one or more pharmaceutically 
accqitable carriers, ^cipients or diluents. 

In anotiier general aspect there is provided aprocess for the preparation of Form R of 
cefdinir. The process includes preparing a solution or a suspension of cefdinir or a salt thereof 
25 in waten addij^g the soluuou or suspension to get a mixture; stirring the mixture for a time 
sufiQdent to precipitate the crystalliae Form R of cefdinir; and recovering the cefdimr in the 
crystalline Form R 
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Recovering the cefdixdr in the crystalline Foim R includes one or more of filtration, 
filtration undor vacuum, decantation and centrifiigation. 

The process may include fuiHier drying of the product so obtained. 

The process inay produce the cefdinir in the crystalline Form R Im^ 
5 hydration of at least 4%. In particular, the Form R may be a monohydrate of cefdinir. 

In another gmsnal aspect there is provided a method of treating microbial infections 
in a warm-blooded animal, ttie method conqxrising providing a pharmaceutical con^osition 
to Hie waim-blooded animal that includes Form R of cefdinir. 

The details of one or more ^bodiments of the inventions are srt forth in the . 
10 description below. Other features, objects and advantages oftheinveotioiis will be qyparent 
&om the description and claims. 

Description of the Drawings 

Figure 1 is X- ray powder difi&action pattern of Form R of cefilinir. 

Figure 2 is an infrared spectrum in KBr of Form R of cefdinir. 

15 Figure 3 is differential scanning calorimetiy plot of Form R of cefdinir. 

Detailed Description of the Invention 

The inventors have found new crystalline form of cefdinir, referred to as 'Form K\ 
The new OTstalline form is characterized by its X-ray powder difOraction pattatn as shown in 
Figure 1 infrared spectrum as shown in Figure 2 and differential scanning calorimetiy plot as 

20 shown in Figure 3. The inventois also have developed process for the prq>aration of tihe new 
crystalline form of cefdinir, by prq>aring a solution or a suspmsion of cefdinir or a salt 
thereof; acidifying the solution or suspension to get a mixture; stirring tiie mixture for a time 
sufiEicient to precipitate the crystalline Form R of cefdinir; and recovoing the cefdinir in the 
crystalline Form R. The inventors also have developed pharmaceutical composition that 

25 contain Form R of the cefdinir, in admixture with one or more solid or liquid pharmaceutical 
diluents, carriers, and/or excipients. 
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In general crystalline Form R of cefdinir is characterized by X-ray peaks at about 
1L72, 18.58, 20.92, 21.2, 22.28, 24.42, and 26.24 degrees two-tiieta and infrared spectral 
bands at about 1015, 1049, 1135, 1190, 1350, 1543, 1610, and 1667 cm-^ 

In general, iho solution or suspension of cefdinir maybe obtained by dissolving 
5 cefdinir or a salt thereof in water. Alternatively, such a solution may be obtained directly 
fiom a reaction in which cefdinir is formed. 

The process for preparing crystalline form R of cefdinir can be carried out at a 
tenqierature of about 10 °C or lower tenq)eratures, for e3canq)le fiom about 10 to about - 
10 **C. More particularly, it can be carried out at a tenq)erature fiom about 5 to about -5*^C. 

Tb. ;^ acidification process can be carried out by adding an inorganic oi an organic add. 
Bx:anq>les of suitable acids include inorganic adds such as hydrochloric, sulfinic, phosphoric 
and nitric adds, and organic adds sudi as trifluoroacetic, methanesulfonic, benzenesulfi>mc, 
p-toluenesulfimic, and formic adds. 

The acid is added in an amount that makes the pH value of the solution/ suspension 
fiom about 0.5 to about 4, for example^ 6om about 1.5 to about 3. 

The concentration of the solution/suspension of the salt of cefdinir can be in the range 
fiom about 1% to about 20% by wdght, for example, fiom about 3% to about 10% by 
wdght 

After acidification, the mixture may be stored for atime sufEdent to precipitate 
20 crystalline Form R of cefdinir. The duration can be fiom about 1 hour to about 1 5 hours in 
gmeral and nmy vary dep^ding on tiie temperature, the concentration, as als^ 
starting salt is in solution or suspension. The precipitation of the crystalline Form R fiom a 
solution may require stining for a longer duration in general, for example fiom about S hours 
to about 15 hours. 

25 Suitable salts of cefdinir that can be used in the process are conventional non-toxic ' 

. salts and may include a salt with an inorganic base, for example an alkali metal salt, such as 
sodium and potassium salts; an alkaline earflx metal salt, such as calcium and magnesium 
salts; an ammonium salt; a salt with an organic base, for example, an organic amine salt such 
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as, triethylamine, pyridine, picoline, efhanolamine, Mefhanolamine, and dicyclohexsdamine 
salts. 

The salts of cefdinir may be obtained by methods known in the art including fliose 
described in U.S. Patent No. 4y5S9»334. In particular, the crystalline potassium salt of cefdinir 
5 was prepared according to the process disclosed in our co-pending PCT Patent Application 
Serial No. PCT/IB02/05315. 

The salts of cefdinir may also be obtained by adding a base to a suspension of cefdinir 
in water. Examples of bases include alkali me^ salts of carboxylic acids, such as sodium 
acetate and potassixim acetate; organic amines, such as trietfaylamine, pyridine, picoline, 
. 10 etfaanolanme, triethanolamine, dicyclohexylamine, ammonium 

hydroxides, such as sodium hydroxide or potassium hydroxide, alkali metal carbonates, such 
as sodium carbonate or potassium carbonate, and alkali metal bicaibonates, such as sodium 
bicaibonate. 

Cefdinir may be prepared using the reactions and techniques known in the art 
15 including those described in U.S. Patent Nos. 4,559,334; 4,870,168; and 6,093,814; WO » 
92/7840; and PCT Patent Application Serial No. PCT/IB02/01410. 

The precipitated crystalline Form R of cefdinir may b e recovered by conventional 
methods such as jSltradon, filtradcm under vacuum, decantation and centrifiigalion. 

The product obtained may be further or additionally dried to achieve the desired 
20 moisture values. For example, &e product may be further or additionally dried in a tray drier, 
dried under vacuum and/or in a Fluid Bed DriCT. 

The crystalline Form R of cefdinir is pure, easy to handle, stable against heat and 
Ught, and is at least as free of residual solvents as the starting cefdinir. It is thus, suitable for 
pharmaceutical preparations and in storage. 

25 The cefdinir of crystalline Form R can be administered fisr the treatment of microbial 

infections, such as skin respiratorv and urinary tract infections in a ^^/arm-blooded animal. In 
particular, cefdinir of crystalline Form R may be used for treating community-acquired 
pneumonia, acute exacerbations of chronic bronchitis, acute maxillary sinusitis, 
pharyngitis/tonsillitis, and uncomplicated skin and skin structure infections. 
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I 

For flie pmpose of fhis disclosiney a warm-blooded animal is a member of flie aoimal 
Idngdom possessed of a homeostatic mechanism and includes m a mm a ls and birds. 

The cefdinir Form R can be administered by any conventional means alone or in 
combination with other fherapeutic agents. They can be administered alone, but are generally 
5 admmistered wifh a phannaceulical caixier selected in the basis of the chosen route of 
admmistcation and standard pharmaceutical practice. 

The cefdinir Forai R may be formulated into ordinary dosage forms such as, for 
exanople, tablets, cspsules, suspensions, dispersions, injectables and ottier pharmaceutical 
forms. In these cases, flie medicaments can be prepared by conventional methods with 
10 conventional phannaceutical excipients. 

The co^^)ositions include dosage forms suitable for oral, buccal, rectal, and parenteral 
(including subcutaneous, intramuscular, and ophthalmic) administration. The oral dosage 
forms may include solid dosage forms, like powder, tablets, ct^sules, siqypositories, sachets, 
troches and lozenges as well as liquid suspensions, aotiulsions, pastes and elixirs. Parenteral 
1 5 dosage forms may include intravenous infusions, sterile solutions for intramuscular, 

subcutaneous or intravenous administration, dry powders to be reconstituted witti stenle 
water for parenteral admiiiistration, and the like. 

The presmt invention is further illustrated by flie following exanq>les ^^ch are 
provided merely to be exCTplary of the invention and are not intended to limit the scope of 
20 the invention. Certain modificatioiismdeqdvalenlswiU be parent to those skffl 
art and are int^ided to be included within the scope of the present invention* 

Methods 

X-Ray Powder Dif&action 

X-ray powder diiffiraction patterns were recorded using Hhe following instrument and 
25 parameters: 

X-Ray Difiactometer, Sigaku Cooiperation, RU-H3R 

Goniometer CN215SA3 

X-Ray tube with Cu target anode 

Divergence slits 1 0, Receiving slit 0.15mm, Scatter sUt 1 0 



5 



wo 2004/104010 PCT/IB2004/001629 

Power: 40 KV, 100 mA 

Scanmng speed: 2 deg^min step: 0.02 deg 

Wavelength: 1.5406 A 

Infiaied Spectra 

5 InfiBTed spectra were recorded using flie following instrmnent and parameters: 
InstrumentPeddn E]mer,16 PC 
SCAN: 16 scans, 4.0 cm'^ 

According to flie l^P 25, general test methods page 1920, infiared absorption spectrum by 
potassium bromide pellet me&od. 

10 Differential Scanning Calorimelry 

Differential scanning calorimetry plots w^ recorded using the following instrument and 
parameters: 

DSC821 e, Mettler Toledo 
Sample weight 3-5 mg 
15 Teiiq>erature range: 25-100^ C 
Heatingrate: F C/min 
Nitrogen 80.0 mL/min 
Number of holes in the crucible: 1 
Example 1 . -: ::.;v-;.;i.l • 

20 Crystallind cefdinir potassium salt (5.0 g) was suspmded in wat^ (150ml) at 3 - 4°C. 

pH of this beterogmeous mixtuie was adjusted to 2.4 to 2.6 at 3 to 4^C using 3N 
hydrochloric add. The mixture was stirred fixr 5 to 6 hours maintaining temperature at 3 to 
4^C. The precq)itated solid was filtered and dried undo: vacuum at 40 to 45*'C to get 4.0 g of 
off-white crystalline Form R of cefdinir. 

26 HPU:Puiity-99J9 %, Moisture Content(%w/wbyKF)= %. 

XRD, IR, and DSC spectra were similar to those shown in Figure I, II and HI, respectively. 
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Example 2 

Cefdinir fiee acid (5.0 g) was suspended in water at ambient temperature. pH of ibis 
heterog^eous mixture was adjusted to 6.0 to 6.5 with sodium bicaibonate for conq)let6 
dissolution. Undissolved particulate matta: was filtered ofE; The clear solution was cooled to 
5 2to5''C. pH was adjusted to isoelectric pomt of cefilinir with 3Nhy^ 

5''C. The mixtme was stirred for 8 to 10 hours maintaining ten^)erature at 2 to 5X to grow 
form R of cefdinir. The precipitated solid was filtered and dried under vacuum at 40 to 45®C 
to get 3.8 g of off-white oystalline Fonn R of cefiiinir. 

HPLC Purity = 99.15 %, Moisture Content (% w/w by KF) = 6.19 %. 

10 XRD, lEl, and DSC spectra were similar to fliose shown in Kgure I, n and m, lespecuveiy. 

While the presmt invention has been desoribed in terms of its specific embodiments, 
certain modifications and equivalents will be parent to fliose skilled in the art and are 
intended to be included within the ^pe of tiie present invention. 
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We Claim: 

1 L Toim R' crystalline cefd&ur. 

I 

1 2. The FomR of claim l» whereia1hecefdii^ 

2 Figure 1. 

1 3. The Form Rofclaiml,whereiii the cefdinir has the infi^^ 

1 4. The Fonn R of claim 1, wh^ein the cefiUnir has the difiermtiai scamung 

2 calorimetry plot of Figure 3. 

1 5. The Fonn Rofclaiml, which is an off-^te crystal^ 

1 6. A crystalline Form R of cefdinirdiaracterizc^ by X-ray difft^ 

2 ' peaks at iibout 1 1.72, 18.58, 20.92, 21.2, 22.28, 24.42, and 26.24 degrees 2-theta. 

17. A crystalline Form R of cefdinir duuracterized by infiared spectral bands at about 
2 1015, 1049, 1135, 1190, 1350, 1543, 1610, and 1667 cm"^ 

1 8. A crystalline Form R of cefdinir, charad:CTzed by a water of hydrate 

2 4%. 

1 9. The ciystalline form ofclaim 8, which is a monohydrate of cefdinir. * 

1 10. A pharmaceutical composition comprising: 

2 a thGi:^eutically effective amoimt of Form R ceiHinir; 

3 and one or more pharmaceatically acceptable carriers, exdpients or diluents. 

1 IL The phannaceutical composition ofclaim 10, wherein Ibecefdmir has t^^ 

2 difiB:action pattern of Figure 1. 

1 12. The pharmaceutical composition of claim 10, wherein the c^inir has the infiared 

2 spectrum of Figure 2. 

1 13. The pharmaceutical composition of claim 10, wherein the cefdinir has the 

2 differential scamiing calorimetry plot of Figure 3. 
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1 14. A process for the preparation of crystalline Form R of cefSinir, the process 

2 comprising: 

3 prq>aring a solution or a suspmsion of cefdinir or a salt thereof m water; 

4 acidifying the solution pr suspension at a temperature of from about -10°C to about 

5 l(rC to get a mixture; 

6 stining the mixture for a tune sufGci^t to precipitate the crystalline Form R; and 

7 recovering Ihe cefiiinir in the crystalline Form R. 

1 15. The process of claim 14, whraein the temperature js ^mj^bout -S^C to 

2 about 5°C. 

1 16. The process of claim 14, "v^erein the solution or suspension is ad 

2 value of fiom about 0.5 to about 4. 

1 17. The process of claim 16, wherem the pH value is fiom about 1.5 to about 3. 

1 18. The process of claim 14, wherem Ihe salt of cefdinir is obtained by adding a base 

2 to a suspension of cefdinir in water. 

1 19. The process of claim 14 or 18, herein cefdinir or its salt is obtained as a solution 

2 directly fiom a reaction in which cefdinir is formed. 

1 20. The process ofclaim 14, wherein the salt of cefdi^ 

2 base. 

1 21. Theprocessof claim 20, wherein the salt is an alkaU metal salt, an alk^^ 

2 metal salt or an ammonium salt 

1 22. The process ofclaim 21, wh^pem the alkaU metal salt is a sodium or potassium 

2 salt 

1 23. The process of claim 14, wherem the salt of cefdinir is a salt with an organic base. 

1 24. The process of claim 23, wherein the salt is a triethylamine, pyridine, picoline, 

2 ethanolamine, triethanolamine, or dicyclohexylamine salt of cefdinir. 
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1 25. The process of claim 14, further comprising additional drying of tiie product 

2 obtained 

1 26. The process ofclaimH further comprising forms^ 

2 finished dosage form. 

1 27. The process of claim 14, wherein the cefdinir has the X-ray diffraction pattern of 

2 Figuro 1. 

1 28. The process of claim 14, wheroin the cefdinir has the infrared spectrum of 

2 Figured 

1 29. The process of claim 14, wherei£k3iCw&fdinii liak &^^ 

2 calorimetry plot of Figuro 3. 

1 30. A meOiod for treating microbial infections in a wann-bloodedanimdconq)ris^ 

2 administering a pharmaceutical composition fliat iiicludes a crystalline Form R of 

3 cefflinir. 

1 31. Themethodofclaim30, wherein the ndcrobial infection is a skin respiratory or a 

2 urinary tract infection. 

1 32. The iriethodofclaim 30, wherein the microbial infection is a cormnum 

2 pneumonia, acute exacerbations of chronic bronchitis, acute maxillary sinusitis, 

3 pharyngitis/tonsillitis, and uncomplicated skin and skm siructuro infection. 
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